Abstract. This study analyzed the prevalence of intestinal parasitoses diagnosed shortly after arrival in the United States among African refugees before and after implementation of an overseas program of empirical treatment with albendazole. Variables included results of microscopy of a single stool specimen, age, sex, ethnicity, departure origin, and receipt of albendazole. Of 1,254 refugees, 56% had intestinal parasites. Fourteen percent had helminths, and 2% had multiple helminths. In addition, 52% had protozoans with 25% having multiple protozoans. The most common pathogens were Giardia lamblia (14%) and Trichuris trichiura (9%). Overall, refugees who arrived in Massachusetts after implementation of the treatment program were less likely to have any parasites (odds ratio [OR] ‫ס‬ 0.61, 95% confidence interval [CI] ‫ס‬ 0.47-0.78) and helminths (OR ‫ס‬ 0.15, 95% CI ‫ס‬ 0.09-0.24) than refugees who arrived previously. These more recently arrived refugees were also less likely to have hookworm (OR ‫ס‬ 0.03, 95% CI ‫ס‬ 0.00-0.29), Trichuris (OR ‫ס‬ 0.05, 95% CI ‫ס‬ 0.02-0.13), Ascaris (OR ‫ס‬ 0.07, 95% CI ‫ס‬ 0.01-0.58), and Entamoeba histolytica (OR ‫ס‬ 0.47, 95% CI ‫ס‬ 0.26-0.86). Empirically treating refugees prior to departure for the United States appears to have resulted in decreases in intestinal helminths and possibly some protozoans among African refugees tested shortly after arrival in this country.
INTRODUCTION
Intestinal parasites are highly prevalent among refugee and immigrant populations around the world. Helminths infect an estimated one billion persons worldwide. 1 Among the most common are Trichuris, Ascaris, and hookworm. Refugees (and other immigrants) often carry these infections to the United States. Studies have documented the presence of intestinal parasites among refugees in Europe and the United States. 2−4 Parasite infections have even persisted over years among refugees living in developed countries. 5 Given the importance of parasitic diseases in refugee health, this study retrospectively sought to analyze data on results of stool testing for ova and parasites among African refugees resettled in Massachusetts. Specifically, the study investigated whether prevalences of intestinal parasitoses decreased after implementation of an overseas program of empirical pre-departure treatment of African refugees with albendazole.
Recent study has focused on empirical treatment of intestinal parasites and the use of broad-spectrum anti-helminth medications, particularly albendazole. 6, 7 Treatment of helminths improves growth and nutritional status among children, 8 an important issue for refugees. Studies have found albendazole to be highly effective in a single 400-mg oral dose for treatment of most helminth infections while possibly requiring multiple doses for Trichuris. 9, 10 In regard to protozoans, while a single dose of albendazole does not appear to be sufficient for treatment of Giardia, 11, 12 it does appear to inhibit growth on Entamoeba histolytica; although this did not effect the organism's viability. 13, 14 It has also been suggested that empirical treatment of immigrants in the United States with albendazole would be a cost-effective public health strategy. 15 Within one year prior to departing for the United States, refugees undergo a medical screening evaluation. In 1997, the U.S. Centers for Disease Control and Prevention (CDC) implemented an enhanced medical assessment for a subpopulation of Somalian refugees in Kenya. 16, 17 After the enhanced assessment of 390 Barawan Somalians indicated that 38% had intestinal parasites, the CDC implemented treatment of all non-pregnant Barawan women and other Barawan refugees more than two years of age with albendazole, 600 mg in a single oral dose, prior to departure for the United States. 16, 17 Subsequently, in May 1999, the CDC began implementation of empirical treatment of all refugees departing from other sites throughout sub-Saharan Africa.
Once in the United States, many refugees undergo another medical screening. In mid-1995, refugee medical screening in Massachusetts was consolidated as the Refugee Health Assessment Program (RHAP), under the auspices of the Massachusetts Department of Public Health. RHAP contracted a limited network of clinical sites to deliver clinical services. While content of the health assessment varies greatly among states, the Massachusetts RHAP is among the more comprehensive and includes microscopic evaluation of a single stool specimen for ova and parasites.
MATERIALS AND METHODS
RHAP procedures and study design. This study was a retrospective descriptive survey of public health screening data collected from a convenience sample of refugees shortly after arrival in Massachusetts between July 1, 1995 and March 31, 2001 . Newly arrived refugees were screened at 16 contracted clinic sites; nearly half, at only two sites. All data were collected within 90 days of arrival in the United States. Testing included a single stool specimen analyzed microscopically by direct smear for ova and parasites. Special staining, such as acid-fast, was not conducted. Microscopic analyses could not differentiate between Entamoeba histolytica and E. dispar. Multiple laboratories were used; however, the majority of tests were performed at two laboratories: one, a major commercial laboratory; the other, an academic tertiary care hospital's clinical microbiology laboratory. At the latter site, laboratory procedures also included immunofluorescent analysis for detection of Giardia and Cryptosporidium. Since collection of the stool specimen requires the refugee to return to the clinic for an additional visit during a time of intensive resettlement activities with limited available transportation, 13% of those who underwent the health assessment did not return a specimen. Therefore, only those refugees who returned a specimen were included in analyses. Because of the retrospective nature of the study, issues such as laboratory technique and quality assurance cannot be addressed. Results were then forwarded to the RHAP. An additional 7,074 either had unconfirmed treatment by non-IOM physicians (mostly the single physician in Kenya) or departed from areas in which the IOM had not yet implemented the program; however, while the IOM could not confirm receipt of treatment of patients seen by this Kenyan physician, the physician has attested to the CDC that refugees evaluated in his clinic were also treated within three days of departure. From data available only for the second year of this period, 82% of this category had unconfirmed treatment by non-IOM physicians. The remainder typically departed from areas in which the IOM had not yet implemented the program. Lastly, 467 were pregnant women and children less than two years of age. Dataset construction and group assignment. The RHAP data were used to create a dataset of all African refugees resettled in Massachusetts during the study period. For this study, the dataset was retrospectively analyzed to describe the prevalence of intestinal parasitoses among African refugee arrivals. The dataset was subdivided between those who arrived prior to and those who arrived on or after May 1, 1999, the date when the CDC implemented the universal preembarkation albendazole treatment program. Refugees in the former group, as well as all children less than two years of age, were designated as the no-albendazole group. All other refugees were designated as the albendazole group. While pregnant women also did not receive albendazole, the RHAP database cannot reliably identify women who were pregnant overseas; however, while not a randomly selected sample, pregnant women should have been evenly distributed before and after the implementation date. Other variables included age, gender, country of departure, original nationality, and parasites detected. Parasites were defined as helminth or protozoan. Diagnoses of strongyloidiasis or schistosomiasis made by serology were not included as these may not have indicated active, acute infections.
Because of the large numbers of refugees departing from Kenya and the relative homogeneity of that refugee population (mostly Somalian during the time studied), refugees departing from Kenya were analyzed separately. Only a very limited number of the Barawan Somalians resettled in Massachusetts, so their receipt of albendazole prior to May 1999 did not necessitate alteration of the classification of other refugees departing from Kenya. Somalians who did not have a prior country specified in the database were presumed to have departed from Kenya. Refugees who did not have a country of departure listed but were not Somalian, were presumed to have departed from other African countries. Lastly, 41 African refugees departed from countries outside of Africa. This number included 30 Somalians who departed from Pakistan. Because of their limited numbers and uncertain duration of stay outside of Africa, these refugees were not included in the analyses.
Analytic methods. Analyses included descriptive statistics of the whole sample as well as the subsets of Kenyan departures and those from other African countries. Bivariate analyses include t tests and chi-square analyses comparing Kenyan departures to other African departures as well as comparing the albendazole group to the no-albendazole group. Dependent variables included detection of any parasites, helminths, protozoans, and specific parasite species in the stool. Lastly, multivariate logistic regression analyses were used to control for Kenyan departure, age, and sex in assessing the impact of albendazole treatment on the detection of parasites in the stool specimen. Because of the direct relationship between Kenyan departure and uncertain timing of or likelihood of receipt of albendazole, as well as the fact that infants and toddlers were not treated, regression models initially included interactions terms for age with albendazole and Kenyan departure with albendazole; the former term was not statistically significant and was dropped from subsequent analyses. Subsequently, because of the possible interaction between departure origin and albendazole treatment, separate regression models were run also on data subsets of Kenyan departures and other African departures.
RESULTS
A total of 1,779 African refugees arrived in Massachusetts during the study period. Countries of birth or national origin included the following: Algeria, Burkina Faso, Burundi, Chad, Congo, Eritrea, Ethiopia, Ghana, Côte d'Ivoire, Liberia, Mauritania, Nigeria, Rwanda, Senegal, Sierra Leone, Somalia, Sudan, and Togo. They departed for the United States from 30 different countries. As discussed earlier in this report, 41 African refugees departed from outside Africa. These 41 were not included in analyses. In addition, 295 refugees did not undergo health assessment. Consequently, 1,443 refugees underwent RHAP health screening. Stool samples were obtained from 1,254 (87%). African refugees without stool testing were fairly evenly distributed around the implementation date, with 45% arriving prior to May 1999.
Of the 1,254 with stool results, 789 (63%) refugees de-parted from Kenya, and 465 from elsewhere in Africa. The sample was 45% female. In addition, 47% were children or adolescents less than 18 years of age. The mean age was 22 years. Forty-nine percent of the sample should have received albendazole (Table 1 and Figure 1 ). No differences in demographics were noted between those who departed from Kenya compared with other African countries and those who received albendazole compared with those who did not. These demographics also did not differ from those of the overall group of 1,738 African arrivals. Among the 1,254 with results, 702 (56%) had ova or parasites detected. Of these, many had multiple parasites, with 194 helminths detected in 173 individuals (14%) and 1,143 protozoans detected in 649 individuals (52%). One subject had seven protozoans detected in his specimen. Twenty subjects (2%) had multiple helminths and 309 (25%) had multiple protozoans. Seventeen different parasites were detected. The most common was Blastocystis hominis (33% of the subjects). The most common pathogenic protozoan was Giardia lamblia (17% of the subjects), and the most common pathogenic helminth was Trichuris trichiura (9% of the subjects). The prevalence of parasites did not differ by sex; however, age did correlate with the prevalence of parasites. Children and adolescents were more likely than adults to have any parasite in the stool (62% versus 51%; P < 0.01). Children also had more helminths (16% versus 12%; P ‫ס‬ 0.02) and more protozoans (58% versus 46%; P < 0.01) ( Table 2 ). Of note, children were no less likely than adults to be in the albendazole group.
Overall, 48% of the albendazole group compared with 64% of the no-albendazole group had a positive stool specimen (P < 0.01). Albendazole, as might be expected, was most effective against helminths, with only 21 helminths detected in the albendazole group. No refugee in the albendazole group had multiple helminths. In contrast, protozoans were still detected in 288 (47%) of the albendazole group, with multiple protozoans detected in 127 (21%). However, this represents a decrease in the prevalence of protozoans from 361 (57%) in the no-albendazole group (P < 0.01).
After assigning children less than two years of age to the no-albendazole group, women and children were still equally likely to be in both the albendazole and no-albendazole groups; however, Kenyan departures were far less likely to be in the albendazole group (odds ratio [OR] ‫ס‬ 0.17, 95% confidence interval [CI] ‫ס‬ 0.13-0.22). Of the 43 children less than two years of age, 15 (35%) had a positive stool. In addition, Kenyan departures were more likely than other African departures to have a positive stool (OR ‫ס‬ 1.82, 95% CI ‫ס‬ 1.44-2.31). Kenyan departures were also 4.1 times as likely to have helminths (95% CI ‫ס‬ 2.55-6.51) and 1.6 times more likely to have protozoans (95% CI ‫ס‬ 1.27-2.05) than other African departures. This pattern was seen in both adults and children (Table 2) .
Among adults, 62% of the no-albendazole group compared with only 39% of the albendazole group had a positive stool (OR ‫ס‬ 0.39, 95% CI ‫ס‬ 0.29-0.55). Those with helminths decreased from 21% to 3% (OR ‫ס‬ 0.10, 95% CI ‫ס‬ 0.05−0.22) and those with protozoans from 55% to 38% (OR ‫ס‬ 0.50, 95% CI ‫ס‬ 0.36-0.69). Among children, 66% of the no-albendazole group compared with 58% of the albendazole group had a positive stool (OR ‫ס‬ 0.69, 95% CI ‫ס‬ 0.49-0.98). Those with helminths decreased from 27% to 4% (OR ‫ס‬ 0.12, 95% CI ‫ס‬ 0.06-0.24); however the prevalence of protozoans was virtually unchanged at 58% and 57%, respectively, in the no-albendazole and albendazole groups.
Mixed infections of both helminths and protozoans were seen in 120 refugees (10%). Of these, 73 (61%) were Kenyan departures. In analyses stratified by departure origin, albendazole treatment did not affect the likelihood of having a mixed infection. Of those with mixed infections, only 13% had multiple helminths, while 50% had multiple protozoans. The most common helminths in mixed infections included Trichuris (79, 66%) and Hymenolepis nana (28, 23%). The most common protozoans included B. hominis (82, 68%), Endolimax nana (43, 36%), and Giardia (27, 23%). Overall, refugees with the three most common non-pathogenic protozoans were more likely than other refugees to have helminths (B. hominis OR ‫ס‬ 2.0, 95% CI ‫ס‬ 1.46-2.79, E. nana OR ‫ס‬ 1.9, 95% CI ‫ס‬ 1.26-2.71, Entamoeba coli OR ‫ס‬ 2.0, 95% CI ‫ס‬ 1.26-3.28). Those with Giardia, the most common pathogenic protozoan, were no more likely than other refugees to also have helminthes. Overall, of refugees who had any of the three most common non-pathogenic protozoans, 20% also had helminth infections.
In multivariable logistic regression analyses, the strong affect of albendazole treatment on reduced likelihood of having parasites was maintained. In models controlling for age and Kenyan departure, those refugees treated with albendazole were less likely than others to have a positive stool (OR ‫ס‬ 0.61, 95% CI ‫ס‬ 0.47-0.78). Albendazole was also associated with reduced helminths (OR ‫ס‬ 0.15, 95% CI ‫ס‬ 0.09-0.24) and Trichuris (OR ‫ס‬ 0.05, 95% CI ‫ס‬ 0.02-0.13). It was not significantly associated with reduced risk of protozoans (OR ‫ס‬ 0.79, 95% CI ‫ס‬ 0.62-1.01) or Giardia (OR ‫ס‬ 1.26, 95% CI ‫ס‬ 0.87-1.82) ( Table 3) .
Among Kenyan departures only, albendazole treatment was associated with reduced likelihood of having any parasites (OR ‫ס‬ 0.46, 95% CI ‫ס‬ 0.34-0.63), helminths (OR ‫ס‬ 0.11, 95% CI ‫ס‬ 0.06-0.22), protozoans (OR ‫ס‬ 0.61, 95% CI ‫ס‬ 0.45-0.82), and Trichuris (OR ‫ס‬ 0.03, 95% CI ‫ס‬ 0.01-0.13). However, albendazole was not associated with any reduction of Giardia. Among other African departures only, when controlling for age, albendazole treatment was associated with reduced helminths (OR ‫ס‬ 0.23, 95% CI ‫ס‬ 0.10-0.52) and Trichuris (OR ‫ס‬ 0.13, 95% CI ‫ס‬ 0.03-0.68). In this group, albendazole treatment was not associated with a reduced likelihood of having any parasites, protozoans, or Giardia.
DISCUSSION
In this analysis, a single oral dose of 600 mg of albendazole appears to be highly effective in the empirical treatment of helminth infections among African refugees. In addition, such treatment also appears to have had some impact in reducing protozoan infections, particularly E. histolytica, one of the more important pathogenic parasites detected in refugees from many African countries.
Recent cost-effectiveness analysis projected significant cost savings of empirical treatment of immigrants in the United States with albendazole. 15 This work did not focus on immigrants from countries with endemic helminths, and it also used a longer dosing regimen of 400 mg orally for five days. It is reasonable to expect that empirical treatment of refugees from endemic countries, such as those in Africa, with a single oral dose should be even more cost effective, although given the reduced prevalences of protozoan infections, use among refugees from other countries with greater proportions of protozoan infections, such as the countries of eastern Europe, might also be considered only if supported by further research. Table 2 .
A significant limitation of this study is the inability to track individual refugees directly. As such, we cannot account for the impact of changing demographics within refugee populations. For example, earlier cohorts of Somalians tended to depart from coastal refugee camps in Kenya, while later cohorts tended to depart from urban areas such as Nairobi. This also relates to our inability to identify those pregnant refugees who were not treated. In addition, the timing of and adherence to treatment of Kenyan departures is unclear. While those screened by the IOM had clear documentation of treatment at the time of departure, others may have been treated up to one year prior to departure. This would seem likely to reduce the effectiveness of the intervention if refugees continued to live in an area with endemic parasites. Given the more pronounced reduction of parasitoses among other African departures, it would seem that treatment upon embarkation as practiced by the IOM is the most effective strategy.
Since those who departed from other African countries were almost exclusively screened by the IOM and treated at departure, by analyzing other African departures separately and controlling for Kenyan departure in multivariate analyses, the study more accurately was able to define the effectiveness of the albendazole treatment. Lastly, while shifting demographics (e.g., refugee camps versus urban environments in Kenya) may play some role in changing prevalences, particularly of the protozoans, the study assumes that the level of endemicity of parasites in the countries of departure is relatively static over time. However, it is doubtful that any reductions of endemicity in the last two years would have matched the dramatic reductions in the prevalences of parasitoses observed after initiation of the pre-embarkation albendazole treatment program. These reductions even exceed those that would be predicted based on published research from west Africa. 9 Although not unexpected, one notable finding is the higher prevalence of parasitoses among children. Throughout multivariate analyses, each annual increment of age was associated with a 1.5-8% reduction in risk of the various parasite outcomes. The exclusion of treatment of children less than two years of age does not seem to explain this finding. Adherence to treatment could partly explain this. However, the albendazole formulations used by the IOM include a suspension of 4% (Cookson S, January 18, 2002, unpublished data). Thus, adherence to the treatment regimen should have been reasonably good among young children. It is also possible that because of poorer personal hygiene and other exposure issues, children may have had higher baseline parasite loads and reinfection rates than adults. In regards to the assignment of children less than two years of age to the no-albendazole group, we do not believe that this inflated the prevalence of parasitoses in that group since the prevalence of parasitoses in these young children was actually lower than that of both groups overall.
Finally, this study was not a prospective scientific experiment. Rather, it was a retrospective epidemiologic review of public health screening data. The reliance on a single stool specimen may have also contributed to under-diagnosing of infections. Consequently, scientific limitations (such as lack of standardization of laboratory techniques, ability to control for technical variations in analysis, or changing laboratory personnel and skill levels) are inherent. In addition, surveillance data are devoid of clinical content, such as to what extent the refugees were symptomatic at the time of testing and to what extent health morbidity might be reduced. We believe that despite these limitations, the markedly decreased prevalences of helminth infections after implementation of the program speaks to the adequacy of the study methods.
In conclusion, the pre-departure empirical treatment program appears to be a highly successful strategy for the reduction of intestinal parasites, and potentially their associated morbidity, among African refugees bound for the United States. It is likely that other immigrants from similar countries in Africa might also benefit from such empirical treatment. Further applications and adaptations of this strategy, particularly ones that focus on the reduction of protozoan infections, appear warranted but should be implemented with prospective evaluation of their effectiveness. Until more universally effective strategies are developed, however, domestic testing for parasites among refugees should continue.
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